Abstract. Computational approaches that conform to the cultural context are of paramount importance in music information research. The current state-of-the-art has a limited view of such context, which manifests in our ontologies, data-, cognition-and interaction-models that are biased to the market-driven popular music. In a step towards addressing this, the thesis draws upon multimodal data sources concerning art music traditions, extracting culturally relevant and musically meaningful information about melodic intervals from each of them and structuring it with formal knowledge representations. As part of this, we propose novel approaches to describe intonation in audio music recordings and to use and adapt the semantic web infrastructure to complement this with the knowledge extracted from text data. Due to the complementary nature of the data sources, structuring and linking the extracted information results in a symbiosis mutually enriching their information. Over this multimodal knowledge base, we propose similarity measures for the discovery of musical entities, yielding a culturally-sound navigation space.
Problem
Music traditions from around the world share a few common characteristics. Yet, they differ substantially when viewed within their geographical and cultural context [1] . Consider the fundamental melodic unit. In Indian art music, the definition of this unit, called svara, constitutes a frequency with an allowed space around it owing to its shared context with the neighboring svaras. This space is further constrained by certain motifs as allowed/disallowed by the melodic framework it belongs to, called rāga [2] . This formulation differs to a great extent compared to the definitions of analogous concepts in other music traditions like notes in Makam music of Turkey or Western classical music. Indeed, the similarity/relation 1 between rāgas is dictated by terms different to those concerning makams or scales.
The current state of the music information research (MIR) and most commercial music platforms are largely agnostic to such differences, which inhibit them from adapting their information models to meet the cultural diversity.
1 The terms similarity and relation are used synonymously henceforth. The need for integrating and using cultural context in MIR has been emphasized time and again [1, 3] . In part, this is to address an increasing bias towards the market-driven popular music in the information models developed and used by the research and the development communities. This is reflected even in the tasks as basic as music browsing: most of the popular music library services 2 structure the content using the severely limited artist-album-track schema. For music information research and technologies to evolve beyond their current limitations in this regard, it is imperative to rely on the cultural context of the music which broadens their purview and further opens up new avenues for research [1] .
Within this context, the progress in semantic web technologies over the last decade assumes a significant relevance for MIR. The linked open data movement has resulted in an increasing number of structured data sources for music including Freebase, DBpedia and LinkedBrainz. This has spawned the research and development of music applications built around such resources, some of which are reviewed in sec. 2. On the other hand, development of expressive description logics [4] has resulted in ontology languages that can be used to represent complex musical concepts such as the melodic sequences/patterns [5] . In summary, the current state of the semantic web technologies turns the problem into a tenable one. Addressing it further helps in expanding the scope of linked open data resources in the music domain by combining the information extracted from different modalities of data, and testing the limitations of the ontology languages in structuring the music domain knowledge.
In a step to address the problem described, we propose: a) developing/adapting methodologies to extract musically meaningful information about the melodic units from different modalities of data (audio music recordings and text), b) structuring this information to create an integrated multimodal knowledge base, and c) developing similarity/relatedness measures over this resource to relate the entities to facilitate exploration and navigation that conforms to the cultural context of the music.
State of the Art
Within the context-based 3 MIR, there are broadly two classes of approaches to music similarity and recommendation: those which use the knowledge inherent in the contextual data in an implicit manner, and those which take advantage of the semantic web technologies. The former draws upon data sources such as tags, lyrics and unstructured text for applications ranging from playlist generation and auto tagging, to music recommendation, search engines and interfaces (see [6] for a recent review of the related work).
The latter class of approaches is a relatively recent direction in MIR, which can broadly be understood to address information management, music similarity and recommendation. Raimond developed the Music Ontology, which builds on
